The living organisms can trigger the defense mechanisms against free radicals, by synthesizing different antioxidant enzymes. The present study is focused on establishing some correlation between oxidative stress and the structural changes in cell death at the intestinal larval epithelium level during anuran metamorphosis. Cell death in such conditions may be regarded as the result of an interaction activity in which takes place apoptosis, autophagy, and necrosis, the cell choosing one or more. The amphibian metamorphosis is a complex process, divided into three major periods: prometamorphosis, premetamorphosis and climax. The process ensures the passage of the organism from aquatic to terrestrial life, with dramatic changes in the morphology and structure of some organs. In the climax stages of metamorphosis, a variety of free radicals are produced, starting a numerous cellular oxidation reactions.
The metamorphosis of anuran amphibians represents a study model for different biological mechanisms such as the programmed apoptosis [1] . During the developement, apoptosis occurs normally as a proces to maintain normal cells populations in tissue [2] . This process is related to the morphogenesis [3] and is controlled by the thyroid hormones triiodothyronine and tetraiodothyronine, which in the climax stages induce cellular oxidative stress that lead to larval structures removal and their replacing with juvenile structures that will also function in the adult individuals.
The amphibian metamorphosis is a complex process, divided into three major periods: prometamorphosis, premetamorphosis and climax. The process ensures the passage of the organism from aquatic to terrestrial life, with dramatic changes in the morphology and structure of some organs [4] [5] [6] .
The larval intestine is one of the organs undergoing profound structural alterations in metamorphosis. In these structural reshuffle, the larval epithelium, equipped with an enzymatic set corresponding to microfage nutrition is replaced with juvenile epithelium, equipped with an enzymatic set intended for macrophage, aquatic and terrestrial feeding [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
A big variety of free radicals are produced and they will start a big number of cellular oxidation reactions. The living organisms can trigger the defense mechanisms against free radicals, by synthesizing different antiradicalic enzymes [19] [20] [21] [22] [23] .
Reactive oxigen species, oxidize biomolecules as proteins, lipids, carbohidrates, DNA and impair normal cellular functions. A shift in balaced between oxidant and antioxidant balance in favour of oxidants, results in oxidative stress. Antioxidant defence system comprise many enzimes known as antioxidant enzymes (superoxide dismutaza, catalase, glutathione peroxidase).
The oxidative stress manifests extra and intracellular. Intracellular it acts on the cytoskeleton and on the membranes of different cellular organelles (nucleus, mitochondria, lysosoms), by degrading them [24] . The present study analyses the correlation between the oxidative stress and cells death as a result of oxidative stress, in the complex phenomenon of programmed cell death at Rana temporaria temporaria (L.1758) during metamorphosis.
Experimental part Material and methods
The biological material used in this study is represented by Rana temporaria temporaria (L.1758) pontes collected from nature. These were brought in the laboratory, were they hatch and were observed during larval development. They were maintained in 10 liters pots which contained dechlorinated tap water. The water temperature was between 18 -22°C.
The metamorphosis stages were established using Taylor si Kollros tables [25] . For each stage, seven individuals were sacrificed. The microdisection was performed on ice, under the binocular magnifying glass, the digestive tube exposed in Sörensen phosphate buffer and photographed.
For histological observations, parts of the medium intestine were fixed in glutaraldehyde and osmium tetraoxide, then included in epoxy resins. The semifine sections were stained with toluidine blue. For electron microscopy the contrast was made with uranyl acetate. A part of the larval intestine was ice sections, colored with acridine orange and photographed on a fluorescence microscope.
Superoxide dismutase (SOD -E.C. 1.15.1.1) activity was measured according to the method of Winterbourn et al. (1975) [26] . Enzyme activity was determined thanks to the capacity of this enzyme to inhibit Nitrobluetetrazolium reduction by superoxide anions generated after riboflavin photoreduction. The decrease of the absorbance was read at 560 nm using a Shimadzu UV-Vis 1700 spectrophotometer (Japan).
Catalase (CAT -E.C. 1.11.1.6) activity was determined using the method of Sinha (Sinha, 1972) [27] . The method is based on the colorimetric determination (at λ = 570 nm) of chromic acetate obtained through reduction of potassium dichromate in acid medium by the hydrogen peroxide that remains after enzyme inactivation.
Peroxidase (POX -E.C. 1.11.1.X) activity was measured according to the method of Gudkova and Degtiari (1968) [28] . POX catalyzes the reaction between o-dianisidine and hydrogen peroxide with the formation of a colored product with an absorption maximum at 540 nm.
The total soluble protein content, expressed as mg/mL, was determined using Bradford's method with bovine serum albumin as standard [29] [30] [31] [32] . All the investigations were made in triplicate. The results are expressed as means ± standard deviations.
Results and discussions
The structural and ultrastructural features of apoptotic cells were observed using optical and electron microscopy techniques. In the early stages of climax the deformation and condensation of the cells are observed. In this process the cell loses it's cytoplasm volume, becomes densely, the cell organells density increases and pyknosis defines condensation to different degrees of the nuclear material.
The histological sections of apoptotic structures, present punctual areas that comprise a single cell, or stretched areas, in the same tissue. In the optical microscope, the apoptotic cells appear rounded, eosinophilic structures, with a pyknotic nucleus. In electron microscopy, pyknosis is observed by condensing DNA beside the nuclear membrane, in the form of more or less bulky masses, with more or less regular layout. The cell membrane escapes "bubling", including within the region of cytoplasmic fragments, integral cellular organelles, nucleus fragments. Apoptotic bodies are formed and can be found in neighboring cells, as a result of heterophage phenomenon in macrophages, or as in the case of amphibian metamorphosis, in the intestine lumen, for the most part of the larval epithelial tissue.
Apoptosis in Rana temporaria temporaria (L. 1785) begins at the XVIII stage, begining the period called climax. In the larval digestive tube, we followed the structures in the small intestine, especially the intestinal epithelium. The larval epithelium consists of columnar enterocytes, among which are mucous cells [10] . Enterocytes are endowed with an enzymatic charge specific of the larval feedind. They are destroyed and replaced with the juvenile epithelium resulting from the action of the existing cells in the underlying cellular nests [33] .
As a result of action of the free radicals, destruction of cells by destroying the cytoskeleton tackes place. Cell lysis occurs in the larval epithelium, at the beginning of the climax stages, in small areas, which grow in the advanced climax stages and comprise the entire structure. At the level of enterocytes, we observed the changes in the nucleus in relation with the antioxidant enzyme activities. The reactive oxygen species produce oxidative changes in the cell DNA [33] . In the early stages of metamorphosis climax, a condensation of nuclear material is produced and the nuclei appear pyknotics in photon microscopy ( fig.  1a ). They lose their elongated oval shape and become irregular. Inside nucleus, near the nuclear membrane, the concentration of chromatin in the form of heterochromatin is observed ( fig. 1b ). This type of structure has been described in apoptosis in other animal cells under the name of chess board table. In the next stage XXI, the cell lysis of the epithelium becomes generalized, cells lose cellular boundaries by disrupting cell membranes.
In the destructive cellular material we can see the apoptotic bodies ( fig. 1c ). Apoptotic bodies are membranebound formations with a non-uniform content in which nuclear material spherical shape and other cellular debris are observed ( fig. 1d ).
The number of apoptotic bodies and their volume increases in the advanced stages of metamorphosis XXII-XXIII ( fig. 2) .
Between stages XXIII-XXIV, the larval epithelium is completely destroyed. Because the larva does not feed at climax stages, a part of the destructured material is consumed by autophagy, but most of which is eliminated in the intestine lumen ( fig. 3 ). . Hydrogen peroxide is then degraded by catalase and different peroxidases. As our study showed, in the stages XVI-XVII, the activity of the antioxidant enzymes is decreasing. Only catalase registers an increased activity, which may suggest an accumulation of hydrogen peroxide in the cells, in the stages before climax.
The stage XX is marked by a significant increase of all three enzyme activities. SOD activity increases approximately seven times comparing to the previous stage analyzed, while CAT activity is doubled and POX activity is four times more increased. This response is correlated to the climax of the metamorphosis which is accompanied by an overproduction of free radicals. The intestinal epithelium cells respond to the reactive oxygen species accumulation by increasing the antioxidant defense mechanisms.
After stage XX, both SOD and CAT activities decrease. This response is correlated with the accumulation of apoptotic bodies, as discussed above. The total destruction of the lar val epithelium is related to an intense accumulation of free radicals and a decrease in the protection mechanisms. Therefore, the tissues are characterized by an imbalance between the free radicals production and the antioxidant defense, so an increased oxidative stress is installed.
The significant increase in POX activity in the last stage may be related to the increase of the blood lipid levels, evidenced by other authors [34] . The accumulation of different types of free radicals may lead to lipid peroxidation which is accompanied by the stimulation of glutathione peroxidase activity [33-35-41] .
Conclusions
In Rana temporaria temporaria preclimax stages are marked by a decreased level of antioxidant enzyme activities. In the climax stages of metamorphosis of the anuran amphibians, a variety of free radicals are produced. They will start a big number of cellular oxidation reactions. The living organisms can trigger the defense mechanisms against free radicals, by synthesizing different antioxidant enzymes. The activities of antioxidant enzymes significantly increase during stage XX, as a result of cellular defense mechanisms. The last stages of climax are characterized by a decrease of antioxidant protection, which may be correlated to the overproduction of free radicals and the accumulation of apoptotic bodies. As a result of the oxidative stress, in the climax stages deformation and condensation of the cell is observed. In this process, the cell loses cytoplasm volume, becomes densely, the cell organells density increases and pyknosis defines condensation to different degrees of nuclear material. At the cellular level autolitic vacuoles and apoptotic bodies are observed.
Cell death in such conditions may be regarded as the result of interaction activity between apoptosis, necrosis and autophagy mechanisms, the cell choosing one or more for its existence. 
